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ABSTRACT
Patellofemoral joint dysfunction is a common ailment affecting one in four
of the general population and 30% of the athletic population. Patellofemoral
dysfunction may stem from a number of different clinical diagnoses. The most
common of these is chondromalacia patella. The term chondromalacia patella,
however, refers only to a softening or fissuring of the retropatellar surface of the
patella and cannot be used to diagnose all patellofemoral pain. Clinical
diagnosis is sometimes very difficult because these patients present with a
number of vague and nonspecific signs and symptoms.
The purpose of this literature review is to offer a clear, concise outline of
patellofemoral mechanics and some common pathomechanics. This will help
educate physical therapists in patellofemoral function and enable them to know
what to look for in patellofemoral clinical diagnosis. Included in this literature
review will be patellofemoral anatomy, compressive forces, areas of contact and
stress, and a discussion of cartilage orientation, breakdown, and structure. The
review will conclude with common patellofemoral pathologies and a case
scenario of a typical patient presenting with patellofemoral dysfunction.

vii

CHAPTER I
INTRODUCTION
Patellofemoral jOint dysfunction is a common ailment affecting one in four
of the general population and 30% of the athletic population. 1,2 Chondromalacia
patella is the most common diagnosis given for all anterior knee pain.3-6
Chondromalacia patella, however, refers only to a softening or fissuring of the
articular cartilage on the posterior portion of the patella and hence the diagnosis
of chondromalacia should not be used to describe the whole spectrum of
patellofemoral joint dysfunction. 2,6-17 These patients often present with
nonspecific signs and symptoms of varying degrees. For example, some
patients with signs or symptoms often present with no pathological findings. 13,18,19
Still others, with extensive degeneration and significant pathological findings,
present with no specific signs or symptoms. 6,13,20-22 In addition to the many
frustrations and nonspecific symptoms with which patellofemoral dysfunction
presents, the numerous causes of patellofemoral pathomechanics are just as
diverse and surprising. Because of this phenomenon, clinical evaluation and
rehabilitation of patients complaining of anterior knee pain can be very
frustrating for the physical therapist.

1
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The purpose of this literature review is to give a clear, concise overview of
the mechanics of the patellofemoral joint and the most common pathomechanics
that result in patellofemoral dysfunction and possibly chondromalacia. Included
in the literature review will be a brief review of the anatomy of the patellofemoral
and tibiofemoral joints. Patellofemoral joint reaction forces and their
accompanying compressive and shear stresses will also be investigated. The
joint's areas of contact and stress will be explored, and a discussion on the
trabecular orientation and cartilage structure and breakdown will be included.
Because the most common cause of chondromalacia patella and patellofemoral
dysfunction in general is extensor mechanism malalignment, several of the
causes that affect lower limb alignment and mechanics, both dynamically and
statically, will also be investigated. 23-29 At the conclusion, the most common
case scenario presented to a physical therapist of a typical patient suffering from
patellofemoral joint dysfunction will be presented. Together, this will help the
physical therapist clinically with the evaluation process and in distinguishing
between chondromalacia and the many different diagnoses of the patellofemoral
joint. This in turn will make the rehabilitation procedure much more efficient and
effective for the therapist and the patient.

CHAPTER II
PATELLOFEMORAL JOINT DYSFUNCTION
Anterior knee pain related to patellofemoral joint dysfunction has been
reported to be one of the most common knee problems seen in orthopedic
practice. 24 Shellock30 stated that in some active populations, such as runners,
the patellofemoral joint is the most frequently injured joint. It is a problem of all
ages, but most often affects those in their teens to early 20S. 23 ,31 In this age
group, women athletes are the most commonly affected. 32 Wiberg 33 reported
that chondromalacia is present in nearly all subjects 30 years of age and older,
and Owre 19 found articular cartilage damage in all of his subjects 60 years and
older. Conversely, there have been several other studies in which articular
cartilage damage was not found to be quite as prevalent, such as Casscells,34
who found normal articular patellar surfaces in 34% of subjects over the age of

50.
Chondromalacia is frequently separated into four levels or grades. Stage
I is described as a swelling or softening of the articular cartilage. Stage II is
characterized by fissuring in the softened areas. In stage III, these fissures
develop into a breakdown of the surface called fasciculation, and stage IV is
characterized by erosive changes which expose the subchondral bone. Also in
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stage IV, the mirror surface of the femur is affected. 35 Some authors have found
that chondromalacia may lead to osteoarthritis, but the exact relationship
between chondromalacia and osteoarthritis is unclear.12 Stage IV
chondromalacia, however, is commonly described as osteoarthritis.
The specific cause, according to many authors, is unknown. 6,8-17,19 The
typical patient may be observed to have bilateral medial squinting of the patella,
genu varum, increased Q angle, and genu recurvatum. Malalignment of the
quadriceps mechanism and subluxation of the patella, congenital or acquired
abnormalities of the patellofemoral articulation, abnormal lower limb mechanics,
such as external tibial rotation or tibia varum, and pronation of the feet either for
compensatory reasons or biomechanics all may be predisposing factors.
Patients may also demonstrate muscle imbalances or muscle weakness (usually
present in the vastus medialis obliquus, the adductors to which the vastus
medialis obliquus attaches, and the hip abductors). Tightness of the hamstrings,
gastrocnemius, iliotibial band, or lateral retinaculum may also be found to be
causing or contributing to the dysfunction. A prominent infrapatellar fat pad, or
patella alta, a condition in which the patellar tendon is longer than the patella,
may also be observed on the typical patient. Common causes such as
inappropriate physical activity, direct trauma, chronic overuse, or the natural
sequence of aging are all factors that are believed to contribute to the
disease. 23 ,36-45 Patients with patellofemoral joint dysfunction often present with
one or any number of the causes and predispositions listed above.
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Patients with patellofemoral dysfunction often complain of pain and
stiffness. Common signs and symptoms are outlined in Table 1.
In addition to these signs and symptoms, physical therapists may
diagnose patellofemoral joint dysfunction with tests such as Clarke's sign,46
Frund's sign,46 or Zohler's sign. 46 Patients may test positive for one or more of
the following special tests: Waldron test,47 McConnell test,48 Perkin's test,49
passive patellar tilt test,SO and lateral pull test. so A description of these tests is
outlined in Table 2.
Despite the common signs, symptoms, and several special tests,
chondromalacia is often accompanied by signs that are vague and nondiagnostic. There are also many differential diagnoses of the patellofemoral
joint including anterior knee pain, patellofemoral malalignment, extensor
mechanism malalignment, extensor mechanism dysfunction, patellofemoral pain,
"runners knee," plicae syndrome, "jumpers knee," fat pad syndrome, bursitis,
VMO insufficiency, patellar tendinitis, quadriceps tendinitis, Osgood Schlatters
disease, Sinding-Larson-Johansson disease, osteoarthritis, recurrent
subluxation, and patellar dislocations.2.23.s1.s3 In a study by Leslie and Bentely,13
only 40 out of 78 knees in which a definite clinical diagnosis of chondromalacia
has been made was the diagnosis confirmed by arthroscopy. In the remaining

38, the patellar cartilage and femoral condyles were found to have no evidence
of injury, degeneration, or softening. Therefore, it was concluded that
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Table 1.-Common Signs and Symptoms of Patellofemoral Joint Dysfunction

1. Diffuse ache in the anterior knee
2. Pain exacerbated with stair negotiation
3. Movie goer's knee (this refers to sitting with the knees at 90° for
a period of time. It is usually accompanied by stiffness which
disappears rapidly after walking a short distance.)
4. Crepitus
5. Pain during activity
6. Possible effusion or swelling
7. A possible feeling of catching

7

Table 2.-A Description of Patellofemoral Special Tests
Special Test

Application

Positive Sign

Clarke's Sign

Therapist presses posteriorly on the
upper or lower pole of patella as the
patient contracts quadriceps

Pain

Frund's Sign

Therapist percusses over patella in
various angles of knee flexion

Pain

Zohler's Sign

Patient is asked to contract quadriceps
as therapist holds patella distally

Pain

Waldron Test

Patient performs several deep knee
bends as therapist palpates patella

Pain or Crepitus

McConnell Test

Patient sits with femur laterally rotated
and contracts quadriceps at various
degrees of flexion. If pain exists,
therapist applies a medial force during
contraction

Pain decrease
with medial
force

Perkin's Test

Therapist compresses and displaces
patella medially, while patient contracts
quadriceps

Pain or Crepitus

Patellar Tilt
Test

Patient is supine with knee extended,
therapist lifts lateral edge of the patella
away from lateral condyle

Patella moves
out of groove

Lateral Pull
Test

Patient contracts quadriceps with knee
extended, therapist observes movement
of patella

Extra lateral
movement
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chondromalacia is both easy to overlook and easy to over diagnose in the
clinic. 6 To make an accurate diagnosis, a complete physical examination,
including appropriate radiograph, must be performed and assessed. 19 For the
greatest rehabilitation results, the therapist must know, understand, and classify
the problem before beginning treatment. 19
Conservative treatment is first recommended for treatment of
patellofemoral pain. Rehabilitation includes temporary limitation of activities,
straight leg quadriceps strengthening exercises, anti-inflammatory medication,
ice, and intermittent use of an elasticized brace with horseshoe padding to
restrict patellar displacement. 54 Treatment may also include McConnell
Patellofemoral taping techniques to correct patellar orientation and muscle
retraining to gain proper neuromuscular control, obtain optimal patellar
orientation, and correct any tracking imbalances. Any abnormal lower limb
alignment and muscle imbalances are corrected with orthotics or stretching and
strengthening as needed. 55

CHAPTER III
PATELLOFEMORAL ANATOMY
The femur is the longest, strongest, and largest bone in the body.56 The
distal end of the femur consists of broadened portions which form the medial and
lateral condyles. These condyles are separated anteriorly by a slight groove
defined as the intercondylar or femoral groove. During knee flexion and
extension, the patella slides in the femoral groove and condyles.
The tibia is the second largest bone of the body.56 The proximal end.of
the tibia is primarily flat except for a large ridge in the middle referred to as the
intercondylar eminence. This eminence divides the tibial plateaus and allows for
articulation with the condyles of the femur. The tibia provides an attachment to
the patella via the patellar tendon which inserts onto the tibial tuberosity.
The femur and tibia form the tibiofemoral joint which is the largest joint in
the body. It is a modified hinge joint having three rotational degrees of
freedom. 45 ,56 Movement includes a combination of rolling and gliding, which
allows the large condyles of the femur to stay atop the small tibial plateaus of the
tibia.
The patella is a triangular sesamoid bone with its apex inferior. Several
authors have attempted to categorize the patella into a number of different
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shapes. Names given to various patellar shapes are baumgartl, alpine hunter's
cap, pebble, half-moon, patella magna, and patella parva. 46 Wiberg 46 tried to
characterize some patellar shapes and named three variations of the patella:
Wiberg type I, Wiberg type II, and Wiberg type III. The patella's specific form
develops during growth being influenced by functional strain. 57 There have been
several authors who have tried to subdivide the patella by the osseous
components of the patellar jOint surfaces. 33 However, according to Pauwels,57
the structure of the patella must be considered a product of functional
adjustments; therefore, the exact form of the patella is determined by
biomechanical constraints. The patella itself is embedded in the quadriceps
tendon and is attached to the tibial tubercle via the patellar tendon. 58 The
posterior surface of the patella consists of the thickest articular cartilage in the
body measuring 4-5 mm and is divided by a middle vertical ridge. 46 ,58 It consists
of five facets, including the superior, inferior, medial, lateral, and lastly, the odd
facet (see figure 1). At least 30% of the patellae also have a second vertical
ridge called the medial ridge. 58 Other authors find this ridge to be even much
more commonplace. 57 This ridge is found at the medial facet running parallel to
the main ridge and consists mainly of cartilage. 57 It separates the medial facet
from an extreme medial margin known as the odd facet. 50 The vertical ridge
corresponds to the intercondylar groove of the femur. 58
The patella serves several functions. Its main function is to improve the
efficiency of the quadriceps by holding the quadriceps tendon away from the axis

-- -- - - - - -
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PATELLOFEMORAL
JOINT REACTION FORCE

Fig l.--Patellofemoral joint reaction force
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of movement during the last 30° of extension. 46 The patella acts as the fulcrum
in a lever system to allow the quadriceps to use maximal force in extending the
knee. so It functions as a guide for the quadriceps for the quadriceps tendon,
decreases friction of the quadriceps mechanism, controls capsular tension in the
knee, and provides a bony shield for the cartilage of the femoral condyles. The
patella also serves a cosmetic function for appearance. 46
The patella is stabilized by a number of dynamic and static structures
interrelated which must work together intricately to provide maximum efficiency
of function. Ficat stated that the patellofemoral joint is under the permanent
control of two restraining mechanisms that cross each other at right angles: a
transverse group of stabilizers and a longitudinal group of stabilizers. The
position of the patella and its mobility will be determined by the relative tension
in these two stabilizing systems. 58 The patella is stabilized superiorly by the
quadriceps muscles. Inferiorly, the patella is stabilized on the femur by the
patellar tendon. Laterally, the patella is stabilized mainly by the lateral
retinaculum, iliotibial band, and vastus lateralis. The lateral patellotibial
ligament, which is the anterior border of the fascia lata, also provides more
lateral stabilization. It runs parallel to the patellar tendon and connects the
iliotibial tract and tibia distally and then insets on the patella proximally.61 The
meniscopatellar ligament and iliopatellar band provide additional stabilization
laterally as well. Medially, the patella is stabilized by the medial retinaculum and
the vast us medialis obliquus (VMO). There is also an oblique thickening of the
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medial retinaculum called the patellotibial ligament which adds stabilization
medially. It originates inferiorly and medially on the patella and inserts on the
anteromedial border of the tibia just below the joint line. 61 The vastus lateralis
and vastus medialis work as agonists in the frontal plane pulling the knee into
extension, but also as antagonists in the transverse plane providing medial and
lateral stabilization force. There is a greater amount of force exerted on the
patella laterally than medially. This is compensated by the VMO which extends
considerably further inferiorly at its attachment to the patella and allows it to
equalize the lateral pull of the antagonist structures. 57
How well the stabilizing structures balance each other is a large
determinant of the patellar orientation. Patellar orientation refers to the position
of the patella relative to the tibia and is generally described in four different
components. 55 First, the glide component assesses the medial to lateral
deviation of the patella. This component is determined both statically and
dynamically. Second, the tilt component compares the relationship between the
height of the medial border to the lateral border both of which should be of equal
height. Third, the rotational component is determined by assessing the deviation
of the vertical axis of the patella relative to the femur. The distal pole
determines the nature of the rotation. Thus, if the distal pole is more lateral than
the proximal pole, then external rotation is present. Lastly, the anteroposterior
tilt component is assessed from a lateral perspective to determine if a line drawn
between the proximal and distal poles of the patella is parallel to the long axis of
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the femur. If the patient is found to have a more posterior distal pole, then he is
determined to have an anteroposterior inferior tilt component. 55

CHAPTER IV
PATELLOFEMORAL JOINT FORCES AND CONTACT AREAS
There is a great amount of compressive force placed on the posterior
patella as it glides in and out of the trochlear groove of the femur. This force is
called the patellofemoral joint reaction force PFJRF) (see fig. 2). It is the highest
force per unit area in the body. 60 This force amount is influenced by the angle
between the quadriceps tendon and the patellar tendon. As this angle
decreases, the PFJRF increases2 (see chart). This happens due to the increase
in quadriceps torque.
The quadriceps torque during:
level walking

=

0.5 X BW

stair climbing

=

3-4 X BW

squat position

=

7-8 X BW

When the knee bends, the quadriceps torque increases and, therefore, the
PFJRF also increases. This would mean that a 250 lb. athlete squat lifting 500
Ibs. would generate a quadriceps torque and thus a PFJRF of approximately
6000 Ibs. It should also be noted here that the compressive and shear forces on
the posterior patella are even much greater when the patella is either malaligned
or maltracking. 2 •35 •60 -63 Because of this massive amount of compressive and
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shear force exerted on the patella, most would hypothesize that the majority of
patients who suffer from chondromalacia patella would be populations who
spend large amounts of time in deep knee flexion. However, this is not always
the case. Eastern cultures who spend much of their time in deep knee flexion
have very little recorded history of patellofemoral pain. 19,64 Only when these
Eastern cultures become accustomed to the Western culture and spend most of
their time between 0 0 and 90 0 knee flexion does patellofemoral pain become a
significant problem.
To understand this phenomenon, one must look no further than that of the
contact area of the patella on the femoral groove and condyles. These contact
areas depend upon the amount of flexion in the knee. There is virtually no
contact of the patella on the femoral groove at full knee extension. 2 ,65 At this
point, the PFJRF approaches zero and the patella is in a position of most
freedom and, consequently, most susceptibility.65 At somewhere between 10 0
and 20 0 , first contact is made. 2 At 30 0 , the contact area is positioned on the
inferior margin, across the medial and lateral facets, and a small area near the
apex. 2 ,57 At this point of flexion, the femoral cartilage is in contact at the
stretched position of the knee. 33 As the knee flexes to 60 0, the contact area
progresses superiorly and increases in size to a centralized position. 2 ,57 Near
90 0 , contact is made with the upper margin of the patella2•57 (see fig. 3). It
should be noted that at no point during the first 0 0 to 90 0 does the medial margin
(odd facet) come into contact with the femoral cartilage. 2 •57 In fact, not until
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approximately 120 0 to 135 0 does this region come into contact with the femur
(see fig. 4). Finally, at 140 0 , the entire medial and lateral segments are in
contact. At this stage, the midline of the patella is contact free. 57 Therefore,
populations who never bend their knees to at least 120 0 of flexion never have
contact between the odd facet of the patella and the femur. This proves to play
an important role in patellofemoral joint dysfunction which will be discussed later.
The continuous change in contact position during flexion ensures continuous
loading and shows the great mechanical adaptations of the patellofemoral joint.
This is very important because it guarantees relief of selective cartilage areas
and eliminates overloading. Because of the continuously changing contact
areas, small areas of cartilage are able to recuperate while others are under
pressure. 57 However, taking into account PFJRF, one must still consider the
areas of greatest pressure.
The areas of contact, however, are not the only things that change with
knee flexion. Studies have shown that the amount of contact area actually
changes with knee flexion. As knee flexion increases, the contact area also
increases. 57 In other words, the greater the amount of quadriceps torque, the
greater the amount of PFJRF and also the greater the amount of contact area.
In fact, with flexion, the contact area increases about fourfold. 57 This mechanical
adjustment allows for low stress and increased stability.57 However, beyond 60
of flexion, the growing amount of contact area is relatively small. Fortunately,
this creates little problem mechanically. The knee functions in such a way that
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between 60° and 70° flexion, the quadriceps tendon is in contact with the
femur. 57,61 This allows it to participate in relieving compressive force from the
patella. 57,61 Therefore, even though PFJRF increases, the force is
homogeneously dissipated through a combination of increased contact areas
and the quadriceps tendon. 57
Thus, as stated, the massive amount of PFJRF generated with knee
flexion is distributed among several contact areas. The formula for pressure
exerted on the retro patellar surface is: Pressure

= F(8W)/Area. 2

Hence, as

already determined above, the areas on the posterior patellar surface change
and are much greater with flexion and, therefore, this formula shows that at no
point during flexion does any finite area of the patella receive a significantly
greater amount of compressive force. 57 These increased contact areas make
retropatellar pressure independent of flexion.57 The patellofemoral joint meets
the biomechanical laws and complicated functions in an ingenious way. It is well
adapted for the high strain it experiences. 57 Therefore, in a normal functioning
patellofemoral joint, chondromalacia cannot be explained by biomechanical
arguments alone. 57
However, it must be remembered that this scenario is with a normally
functioning patellofemoral joint in proper alignment. Improper alignment has
been shown to cause varying pathomechanical problems which will be discussed
later. 35 ,60-63 It also must be noted here again that for the majority of the
population who spend most of their time somewhere between 0° and 90° of
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knee flexion, the medial margin (odd facet) of the patella never comes into
contact with the femur. This fact may influence many to believe that the odd
facet would be the least often implicated in patellofemoral dysfunction due
simply to the lack of wear and tear. However, this is simply not true. Most
studies have found the medial margin or odd facet is the most often affected
area of the patella. 19,46,60 Answers to this mystery might be found in what Ficat57
coined as the terms "lateral hyperpression" and "medial hypopression" and will
be discussed in the next section.

CHAPTER V
CARTILAGE BREAKDOWN
Although the odd facet has been labeled by many to be the biggest
problem area, several authors have disagreed. so The medial facet as well as the
lateral facet have also been implicated as potential problem areas. Each area
affected by chondromalacia has a common etiology and prognosis. In this
chapter, the etiology of cartilage breakdown, problematic areas, and the
importance of trabeculae and its orientation will be reviewed. Possible reasons
for the pain that is felt with cartilage breakdown will also be explored. It should
be remembered that cartilage is aneural and patients with cartilage breakdown
may present with a wide variety and intensity of signs and symptoms in the
clinic.
Studies that find reasons why cartilage breaks down and ways to prevent
this are very important because, once damaged, cartilage is unable to
regenerate itself. Hunter1 stated ''that ulcerated cartilage is a troublesome thing
and that, once destroyed, is not repaired." Several other authors including
Paget concluded that when a portion of articular cartilage was wounded or lost, it
has never been able to be repaired or formed in a human subject. 56 Studies by
Redfern (1897), Axhausen (1919), and Haebler (1925) supported the
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conclusions made by Paget and Hunter. 66 This may possibly be explained due
to the lack of vascularity and inflammatory responses in articular cartilage. 67
First, healthy cartilage requires adequate diffusion of nutrition, a process
achieved with contact and optimalloading. 60 Without contact, metabolite and
nutrition exchange is hindered and cartilage is unable to remain healthy.2.57,58
The retropatellar surface of the patella is relatively avascular and, therefore, its
relatively only source of nutrition is from diffusion.
Secondly, trabeculae is '1he network of osseous tissue which makes up
the cancellous structure of a bone."69 Trabeculae are laid down in areas of
stress and contact with the mechanical properties of the joint adapting to those
stresses placed upon it. 31 ,57 The amount and organization of the trabeculae are
very important. Trabeculae are organized and laid down to counter high stress
areas. The trabecular orientation of the patella is greatest on the lateral and
midcrest regions where the sheets are perpendicular to the articular surface. In
the medial habitual non-contact area, the sheets become more oblique. In the
central portion of the medial zone, there are very few sheets and the geometric
organization is poor. 2,70 Therefore, areas subjected only to low stress adapt to
only low stress. 31 ,57 Then, when high stress is placed on the patellofemoral joint,
areas, such as the medial or odd facet which are adapted only to low stress, may
become damaged. 2
Another complex theory that must be mentioned in patellofemoral joint
mechanics is the relationship between cartilage state and trabecular
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microfracture. Several studies have been done trying to determine the effect
chondromalacia has on osteoarthritis. 53 Studies have also been done to find the
effect bone stiffness and trabecular microfracture have on cartilage. Fazzalari et
al 71 ,72 found that bone had almost no trabecular microfractures when underlying
degenerate cartilage. He also found that bone underlying healthy, intact
cartilage housed a weaker, more susceptible to injury trabecular organization.
These results suggest that trabecular microfractures do not contribute to the
onset or progression of arthrosis?1,72 But, this also tells us what other authors
have already documented: bone with a high bone stiffness indices may
contribute to cartilage breakdown. 2 With age, the stiffness of the bone beneath
the cartilage increases, which may explain the progressive cartilage damage that
occurs with aging. 19
While several authors have suggested the odd facet to be the most
frequent site of surface fibrillation, many other sites have been shown to be
problematic. Ficat and Hungerford 19 found chondromalacia on the lateral facet
and described it as secondary to overload and excessive pressure usually in the
presence of a lateral tilt. They noted these lesions to be progressive, leading to
arthrosis and cartilage erosive changes. Abernethy et al 73 found that with
increasing age, there were usually advanced articular changes in the lateral
facet. This coincides with the increased stiffness of bone with age and thus the
predisposition for cartilage breakdown. Insall et al 12 suggested that the midpoint
of the patellar crest extending both medially and laterally, but leaving the upper
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and lower thirds spared, was the most frequently damaged site. With this
articular damage, however, the femoral groove was never found to be severely
nor uniformly involved with chondromalacia. As mentioned before, the majority
of studies suggest the odd facet to be the most common area for articular
cartilage damage. 19,46,60 This is thought to happen due to the area of contact
being only in the extremes of flexion and being an area of hypopressure and
habitual disuse. 11 These medial lesions tend to be related to age and
nonprogressive. 19
The symptom of pain in chondromalacia patella is somewhat puzzling
since articular cartilage has no nerve supply. However, there have been several
possible theories noted for the cause of patellofemoral pain. Currently, changes
in energy absorption of the intermediate and deep zones of the articular
cartilage (basal degeneration) are thought to cause increased intraosseous
pressure of subchondral bone and, thus, irritation to the bone's free nerve
endings. 2 ,19,23 With basal degeneration, the surface area is not involved in the
earlier stages, but the area is soft to probing and a blister like disruption is
found. 19 In the later stages, degeneration occurs in the more superficial layer of
cartilage, thus causing the highly innervated subchondral bone to bear the
compressive load. 2 Other theories state that pain and synovitis may be caused
by irritation of the synovium from by-products of cartilage degeneration. 2 Still
other theories of patellofemoral pain state that venous stasis or congestion
within the patella may be the cause and that pain may be secondary to an
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alteration of the blood supply in the chondral bone. 23 Pain may be a result of
one, none, or all of the above theories.

CHAPTER VI
LOWER BODY AND PATELLAR ALIGNMENT
Due to the high amount of compressive force on the patellofemoral joint,
mechanics and lower extremity alignment are of utmost importance. For efficient
functioning of knee motion, the patella must be aligned so it can travel smoothly
in the intercondylar groove of the femur.2 During terminal extension, the tibia
externally rotates in relation to the femur, thus lateralizing the tibial tubercle. 2,45
This is called the screw home mechanism. When the knee is fully extended and
the quadriceps are contracted, a valgus vector is produced as the patella is free
from the confines of the femoral groove. This valgus vector plays an important
part in lower body alignment and patellar tracking. A malaligned patella from
altered static mechanics will predispose a person to abnormal patellar tracking
and, thus, patellofemoral pain and possible articular cartilage breakdown.2
During flexion and extension of the knee, the patella's ability to track in this
femoral groove is influenced by a number of forces. 51 These forces tend to
displace the patella either laterally or medially.51 Many authors believe that
patellofemoral jOint dysfunction is related to an imbalance of these forces usually
in the lateral direction. 51 Many elements must be balanced for proper tracking to
occur. There are several factors that affect the patellar alignment both statically
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and dynamically. An imbalance may be a result from congenital defects, tight or
shortened structures, or weak muscles or any combination of the above.
An increased a-angle (quadriceps angle) is considered by many to be
one of the major contributing factors in patellofemoral malalignment and
maltracking. 48.74-76 The a-angle is formed by drawing a line from the ASIS to the
midpole of the patella. Then a second line is drawn from tibial tubercle to the
midpole of the patella. The angle formed by the intersection of these two lines is
referred to as the a-angle (see fig. 4). Normal a-angle in males is 10° to 12°.
Normal a-angle in females is 15° to 17°. The a-angle is measured statically
with the knee in an extended position. 55 When the knee is flexed, the femur
externally rotates on the tibia and the a-angle becomes zero, thus eliminating
the abnormal patellar force existing in a normal functioning knee which presents
with an increased a-angle in extension. so With an increased a-angle, there is
an increased valgus vector causing the quadriceps mechanism to exert a
laterally directed pull on the patella48 (see fig. 5). This prompts the patella to
track laterally.48 The increase in normal a-angle in females has been indicated
as one of the contributing factors to their increase in patellofemoral joint
dysfunction. 2 In 1988, the National Athletic Trainers' Association also found that
female basketball players were twice as likely to have a knee injury in general.
Here, too, the increased a-angle was considered to be a contributing factor.
Several factors may contribute to an increased a-angle. Femoral neck
anteversion, leg length inequalities, short lateral femoral condyle, external tibial
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torsion, a laterally displaced tibial tubercle, and subtalar and talocrural
abnormalities are all congenital defects that affect the knee's valgus vector. 2.32
Most of these affect the Q-angle both statically and dynamically. Leg length
inequalities are a good example of this. With leg length discrepancies, one or
both of two things may happen. First, during swing phase, the shortened leg
adducts, then at heel strike, the Q-angle is increased creating the valgus vector.
Second, the short leg may hyperextend at heel strike. Patients who hyperextend
their knee in gait due to weakness, congenital anomaly, or other reason are
predisposed to patellofemoral dysfunction due to the screw home mechanism
which lateralizes the insertion of the patellar tendon and thus exerts a lateral
force to the patella. Walker and Scheck77 found a high percentage of patients
with chondromalacia patellae to have leg length discrepancies with the affected
side being the shorter leg. A heel lift contributed to the complete relief of
chondromalacia symptoms.77 Excessive pronation of the foot also affects the Qangle adversely. In normal gait at heel strike, the foot is supinated and the heel
hits firmly on the ground. Pronation is the shock absorber through the flat foot
phase, at which point the normal foot begins to roll back into supination. With
over pronation, heel strike starts in pronation, overpronates, and stays in
pronation through toe off. This causes an internal rotation of the tibia and,
consequently, the femur during stance phase which again causes the excessive
Q-angle and valgus vector.2
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Weak muscles also tend to adversely affect lower limb mechanics
dynamically. For instance, if the vastus medialis obliquus is weak or inhibited,
often referred to as VMO insufficiency, the patella does not receive proper
medial stabilization, causing a lateral tracking patella. Th VMO consequently is
a very important structure and will be discussed in further depth in the following
section. Also, if the gluteus medius is weak, the femur may consequently adduct
during the swing phase in gait, causing an increase in the valgus vector and,
hence, a dynamically increased a-angle much the same as a short leg does.
Tight or shortened muscles may also be the cause of a maltracking
patella. 47 Tight hamstrings cause an increase in the amount of dorsiflexion
required. At heel strike, if maximum dorsiflexion has already taken place at the
talocrural joint, then the subtalar joint must compensate for the remaining
dorsiflexion required. This results in over pronation of the foot which causes an
internal rotation of the tibia and thus an internal rotation of the femur. This also
increases the dynamic a-angle and, consequently, the valgus vector force. 2
Tightness in the gastrocnemius works in much the same way. It too causes an
increase in the amount of dorsiflexion required. If maximum dorsiflexion has
already occurred at the talocrural joint during heel strike, then the subtalar joint
must compensate for the lost range of motion. The results again is over
pronation which causes an internal rotation of the tibia and, therefore, an
internal rotation of the femur. This, in turn, increases the dynamic a-angle in a
similar fashion to prolonged pronation mentioned above. 2 The iliotibial band
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contains attachments to the patella which interdigitate partially with the
superficial and primarily with the deep fibers of the lateral retinaculum. As the
knee bends, the iliotibial band is pulled posteriorly and with tightness of the
iliotibial band, lateral compression and lateral tracking may occur. 2•61 The short
head of the biceps femoris connects with the iliotibial tract and thus the iliotibial
band and the lateral retinaculum. 61 It too will contribute to the lateral restraining
force of the patella when it displays decreased flexibility.61.75 Another factor
which can contribute to a lateral tracking patella is the condition of patella alta.
This is caused by tightness of the rectus femoris. If tightness is displayed, then
full excursion of the patella into the femoral groove is inhibited. 2 With this
condition, the patella sits up too high superiorly in the femoral groove when the
tibia and femur are flexed to a functional position; therefore, it continues to ride
over the lateral femoral condyle. 61 .76
Common pathomechanics may begin in anyone small area or muscle and
adversely affect several structures, thus involving any number of muscles and
structures. Each must be evaluated and treated by the physical therapist in the
clinic.

CHAPTER VII
VASTUS MEDIALIS OBLIQUUS
The VMO has been shown to be a very important variable in normal
patellofemoral mechanics. It is of such importance that some clinicians have
diagnosed patellofemoral pain as VMO insufficiency. Edema, pain, weakness,
or poor neural drive may cause the VMO to malfunction. There are several
viable factors that have led many to this conclusion.
The VMO is the only medial dynamic stabilizer and, consequently, the
only muscle designed to realign the patella medially in active function.
Anatomically, it is designed for just this situation. The VMO attachment on the
patella is located further distally and thus, in a normally functioning lower limb, it
is able to counteract the laterally directed force of the much stronger vastus
lateralis. 2 ,51 ,57 However, if the VMO is functioning abnormally, patellofemoral
dysfunction may occur.
One popular theory of patellofemoral dysfunction arises from the idea of
inappropriate patterns of neural activity in the VMO in contrast to the vastus
lateralis. Recently, a study showed that in mechanically pain free patellofemoral
joints, there is a 1:1 activity ratio between the vastus lateralis and the VMO and
that the VMO is tonic in its activity?8 The same study found that subjects with

33

34
patellofemoral pain demonstrated a less than 1:1 ratio and the VMO activity was
phasic in nature?8 Several authors have also suggested that patellofemoral
dysfunction may be associated with the relative timing of VMO and vastus
lateralis muscle activity. This too stems from faulty neural activity. Voight and
Weider79 published a study that showed VMO muscle contraction to occur
slightly before vastus lateralis muscle contraction in asymptomatic knees,
whereas the opposite was found to be true in patients with patellofemoral
dysfunction symptoms. Therefore, the concept of motor control as a source for
patellofemoral jOint dysfunction has gained popularity and influenced many to
believe problems arise when the neural activity is somehow disrupted. However,
Karst and Willet51 found results that were in direct contradiction to those
previously stated. They found no significant difference in the relative timing of
muscle contraction of the VMO and vastus lateralis in both symptomatic and
asymptomatic knees in their study:
Whether poor neural control actually plays an important role in
patellofemoral dysfunction or not is still debatable for many. However, neural
control, faulty timing, and inhibition of the VMO may come for several different
reasons. In a study in which saline was injected into the knee joint, the VMO
was shown to be inhibited by only 20 to 30 ml of saline, while it took as much as
twice this amount before the vastus lateralis and rectus femoris were inhibited. 80
This discovery led authors to conclude that even small amounts of effusion in
the knee may inhibit the VMO. Therefore, this inhibition would affect the neural
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activity, strength, and contraction timing of a VMO contraction. This finding is
supported by the significantly reduced amount of activity and inhibition found in
the VMO after surgery and clinically why edema relief and VMO retraining
should be considered as a major component after all knee surgery. Pain may
also inhibit muscle contraction of the quadriceps altering proper neural activity
and, therefore, must be considered when quadriceps training and strengthening
is indicated. 2
When strengthening or facilitating the VMO, it must also be remembered
that the VMO originates from the adductor magnus tendon and is innervated by
a single branch of the femoral nerve. This is uniquely important when VMO
training is indicated, for it is this reason that the VMO can be isolated and
facilitated independently. The VMO plays a major role in normal patellofemoral
joint mechanics.

CHAPTER VIII
CONCLUSION
Whether the problems of patellofemoral pathomechanics stem from weak
or shortened structures, congenital deformities, poor mechanics, poor
conditioning, or a combination of all of these, it is important to treat the source of
the problem and predisposing factors rather than just the symptoms. A thorough
evaluation of lower limb mechanics both statically and dynamically must be done
to assess the intricate balance between the opposing forces. As stated before,
proper patellofemoral joint mechanics can only occur when there is a balance
between each of these forces. The majority of these imbalances as discussed
here cause an excessive laterally directed force. Although forces around the
patellofemoral joint are extremely high, it is mechanically capable of functioning
almost miraculously problem free when all participants are operating normally.
However, with patellofemoral pathomechanics, the source of the patient's
complaints may stem from malacia of the retropatellar surface due to excessive
pressure to the lateral facet, lack of contact and pressure to the odd facet, a
normal aging process to the medial facet, or to other structures when no
chondromalacia is found at all. Nevertheless, it is imperative that patients
receive a careful physical examination supported with radiographs to make an
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accurate diagnosis. 19 The term and diagnosis of chondromalacia should be
reserved for the description of the articular cartilage and not used in all cases
when anterior knee pain is present.
Clinically, the typical patient presenting with patellofemoral pain is an
adolescent female. When one considers the physical changes an adolescent
female experiences in her teenage years, then it is no wonder that many suffer
from patellofemoral dysfunction. During a growth spurt, bones outgrow muscles,
and thus muscles become tight. This is also the period when many experience
sports on a competitive basis in schools for the first time. Many are not
conditioned for these new types of sudden demands on their bodies. Sports
bring about stress on structures that may never have been stressed to this
degree up to this point. This extra stress accompanied with the clumsiness of
the age leaves many teenagers prime candidates for patellofemoral
dysfunctions.
Common physical abnormalities included in the typical patient are an
increased Q-angle, pronated feet, tight hamstrings and IT band, minimal
swelling, poor recruitment and timing of the VMO, and weak hip abductors. Most
of these physical abnormalities may have continued to go unnoticed if sudden
extra stress or trauma had not been experienced.
The physical therapist will most likely be able to observe a lateral tilt of
the patella and a lateral shift of the patella with quadriceps contraction. Typical
patients will complain of a diffuse ache in the anterior knee, excessive pain with
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climbing and descending stairs, and grinding under the patella. Luckily, most of
these complaints and symptoms, unless severe or chronic, are able to be
relieved and resolved with conservative treatments.
There is a vast amount of information and research done in the area of
chondromalacia and patellofemoral dysfunction; however, it is to the conclusion
of m any that there are still many unknowns to such a common problem. Each
tidbit of information and research brings a clearer understanding of the
patellofemoral mechanics and thus leads to better ways of clinically diagnosing
and treating patellofemoral joint dysfunction.
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